Aims Screening and brief interventions (SBI) delivered in primary health care (PHC) are costeffective in decreasing alcohol consumption; however, they are underused. This study aims i to identify implementation strategies that focus on SBI uptake and measure impact on: 1) heavy drinking; and 2) delivery of SBI in PHC.
Introduction
Worldwide, heavy alcohol consumption is a leading cause of ill-health and premature death (1) . World Health Organization (WHO) recommends that health professionals provide alcohol screening, brief interventions, counselling and, when necessary, pharmacotherapy for heavy drinkers (2) . There is a wealth of evidence in primary health care (PHC) for the effectiveness of alcohol screening and brief interventions (SBI) in adults (3) (4) (5) (6) . Previous research demonstrates that SBI is effective in various groups, either for identification of risky drinking, alcohol use disorders, excluding addicted patients, and for those who are not seeking treatment for alcohol-related problems (6) (7) (8) (9) . Brief interventions to reduce heavy drinking are cost-effective and could be widely available in PHC (3) . However, SBI is underused with less than 10% of those who might benefit from SBI, receiving a brief intervention (10) . Largescale studies that have attempted to increase the uptake of brief interventions have shown that implementing brief interventions in PHC remains difficult (11) (12) (13) .
Studies that address the issue of integrating evidence into practice are referred to as 'implementation research' (14) . Changing provider behaviour and implementing new programs or innovations into practice could be achieved by various implementation strategies, as shown in the broader implementation literature (15) (16) (17) . Promisingly, an increasing number of implementation studies are being conducted in the field of PHC-based alcohol prevention.
In the last decade, three reviews have summarised the evidence to enhance the implementation of SBI in PHC (18) (19) (20) . These reviews found that the effectiveness of multicomponent implementation programmes on SBI delivery showed the most promising results (20) . Effectiveness of implementation strategies on SBI delivery generally increased with the intensity of the intervention effort (19) . Furthermore, it is suggested that nurses and other mid-level professionals, besides physicians, can enhance the uptake of SBI in PHC (21) (22) (23) .
However, current literature provides little practical guidance on how to improve implementation. The impact of SBI on patients' alcohol consumption has been studied in many trials (e.g. (11, 24, 25) ), but earlier systematic reviews did not provide practical guidance in how to increase SBI uptake in practice (4, 6, 7, 26) . More insight is needed on how the uptake of SBI in PHC practice can be increased to contribute to health benefits. Therefore, the current review aims to identify effective SBI implementation strategies that 1) reduce heavy drinking and 2) increase SBI delivered in PHC. The review will also ask if involving nurses and other professionals has a positive impact in improving SBI delivery and decreasing patient alcohol consumption.
Methods
This review is reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) standards (27) . The review protocol is available from http://www.odhinproject.eu/resources/documents/cat_view/3-odhin-project-documents/6technical-reports-and-deliverables.html.
We followed the Cochrane Effective Practice and Organisation of Care (EPOC) criteria, which define implementation strategies as "interventions designed to improve professional practice and the delivery of effective health services". EPOC offers guidance on conducting reviews of interventions that improve professional practice and delivery of effective health services. To connect this study to broader implementation research, we used the EPOC search strategy, the EPOC template for data extraction, and the EPOC taxonomy to categorise implementation strategies, and their checklist for quality appraisal (28) .
Data sources and searches
The following computerised databases were searched since onset until May 2013: MEDLINE, EMBASE, Cinahl and Cochrane Central Register of Controlled Trials (CENTRAL). The search strategy is listed in Appendix 1. In addition, reference lists of relevant review articles and books were screened, and global experts in the field were contacted in order to identify grey literature and recent published studies not yet indexed.
Study selection
Two reviewers (MK and ML) independently screened relevant titles and abstracts. Full text copies of potentially relevant studies were then obtained and independently screened for inclusion by the same two reviewers. Disagreements between the reviewers were resolved through discussion, or a third reviewer was contacted to make the final decision (PA or IVDG).
In order to be included, a study had to meet the following PICO criteria (27) : first, it had to be focused on a PHC setting; second, it had to include implementation strategies that were compared with a control group (usually defined as care as usual); third, it had to address decreasing heavy alcohol consumption, and/or cost outcomes, and/or increasing screening, and/or increasing brief interventions, but not alcohol dependence as defined by WHO (29) and the ICD-10 Classification of Mental and Behavioural Disorders (30) ; and, fourth, it had to be a controlled trial with an English or Dutch language full text copy available.
Effectiveness studies, e.g. examining the effectiveness of a 5-minute brief intervention compared to a 15-minute brief intervention, were excluded as they did not evaluate implementation strategies as defined by EPOC.
Data extraction and quality assessment
Data for each included study were extracted on: participants, setting, methods, SBI procedures, method of strategy, outcomes (alcohol consumption, screening, brief intervention, costs) and methodological quality. Implementation strategies were first classified into one of the following categories of the EPOC taxonomy: professional, financial, organisational, structural and regulatory interventions (http://epoc.cochrane.org/epoc-taxonomy); and, second, implementation strategies were classified into the EPOC elements, such as audit and feedback within professional oriented strategies (28) . Two reviewers in different combinations (MK, MBAS, DNB, EK, PA, ML, JB, and IVDG) independently extracted the data. Any disagreement was resolved by discussion or by asking a third reviewer (from the review team) when consensus was not reached between the two reviewers.
Methodological quality of each paper was assessed by both reviewers using the EPOC checklist for quality criteria (28) . Quality assessment was based on concealment of allocation, presence of professionals' behaviour or patient outcomes (alcohol consumption), follow-up, blinded assessment of primary outcome, baseline measurement of primary outcome, reliable (objective) primary outcome measures and protection against contamination. Any disagreement on fulfilling the criteria was resolved by discussion. Inclusion of studies was not influenced by methodological quality.
Data synthesis and analysis
All study outcomes were categorised by alcohol consumption, screening and/or brief interventions or costs, and type of implementation strategy.
Methods described by the Cochrane Collaboration were followed (31) .
First, to identify effects of implementation strategies on the key outcomes, included studies were pooled with MetaEasy version 1.0.4 (32) . Standardised mean differences (SMD) were calculated, both for dichotomous and continuous outcomes. Due to heterogeneity of included studies, we estimated effect sizes using a random-effects model based on DerSimonian and Laird's (DL) approach (33).
Second, effect sizes of predictor measures, such as single versus multiple strategies, were calculated by meta-regression analyses. One advantage of such an approach is that, in case of no overall statistical effect being found from pooled studies, the regression allows distinction between effective and ineffective predictor measures. The predictor measures comprised 1) use of a single implementation strategy versus the use of multiple implementation strategies; 2) the type of implementation strategy as categorised by EPOC taxonomy (28), e.g. professional oriented strategies, such as audit and feedback, or organisational oriented strategies, such as task substitution; 3) whether or not the programme included multiple elements within their implementation strategy; 4) study duration ≤ 12 months versus study duration >12 months; and, 5) whether the implementation strategies were focused on physician-only or those including nurses and other mid-level professionals. As instructed for fixed-effects meta-regression, we used weighted least squares regression, weighted by the inverse of the variance to identify relationships between predictors in explaining effect sizes (34). A random-effects meta-regression was attempted, but did not converge. The cause of non-convergence was that the random effects of the predictors involved could not be estimated (probably because the number of studies was not sufficient to distinguish predictor random effects different from 0). Meta-regression was applied with use of SPSS version 20 [IBM SPSS Statistics, USA].
Results

Search results
Our literature search identified 4,594 citations, of which 3,968 unique titles and abstracts were screened (figure 1). The full paper sift included 211 papers. Included in this were eight published papers that were identified by manual review of the reference lists of the studies and consultation of global experts. In the second sift, reasons for exclusion were design failures (n=83), setting failures (n=42), not being focused on implementation (n=24) and not including alcohol consumption or SBI outcomes (n=29). Thirty-five papers, reporting on 29 studies were included in the final analysis.
[INSERT FIGURE 1 ABOUT HERE]
Methodological quality
All included studies were randomised controlled trials (RCT) (86%) or controlled clinical trials (CCT) (14%) (table 1). Concealment of allocation was not reported in eight studies (28%) and was not clear in seven studies (24%). In eight studies (28%), substantial differences across study groups were found, or no baseline measurements of primary outcomes were reported. Protection against contamination was not addressed in eleven studies (38%) and not clear in five studies (17%).
[INSERT TABLE 1 ABOUT HERE]
Study characteristics
Most studies were carried out in the United States, followed by Australia/New Zealand, Europe, and Canada (table 2). Participating professionals were physicians (16 studies), or physicians in combination with other primary care staff such as nurses (5 studies), nurse practitioners (2 studies), physician assistants (1 study), practice assistants (1 study) or other health professionals (1 study). In the remaining studies the profession of participating professionals was not reported. In over a half of studies (55%), the age of the patient groups ranged between 30-69 years. Other patient characteristics were not reported.
The included studies varied in applied implementation strategies and elements (table 1). The majority of studies (n=11) applied solely professional oriented implementation strategies (25, (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) . Most common elements were educational meetings (n=6), educational outreach visits (n=5) and audit and feedback (n=4). Three studies reported only organisational oriented strategies in which two applied a change in the scope and nature of benefits and services (45, 46), and one applied a change in the service delivery due to counselling by phone (47). One further study reported a patient oriented strategy, which consisted of printed educational materials for patients (48) . In addition, six studies reported a combination of professional oriented and organisational oriented implementation strategies, in which in all educational meetings were applied, combined with either changes in medical record systems, formal integration of services or skill mix changes (49) (50) (51) (52) (53) (54) . Eight studies reported various combinations of professional oriented, organisational oriented, patient oriented and financial oriented strategies (11, 23, 24, (55) (56) (57) (58) (59) .
Nineteen studies reported patient alcohol consumption outcomes (11, 23, 24, 35, 38, 43-45, 47, 48, 50-53, 55-59) . Studies reported one or more professional-related outcomes, that is: screening rate (n=12) (11, 25, 35-37, 39-42, 46, 49, 54) and brief intervention (BI) rate (n=13) (11, 23, 25, 37-43, 46, 49, 50) . Only two studies reported outcomes related to costs or cost-effectiveness ( 
Elements of effective implementation strategies
Twenty-six studies were pooled and 24 studies were included in the meta-regression.
Effects on alcohol consumption
Of the 19 studies reporting on alcohol consumption, 15 were pooled for an overall effect size (11, 23, 24, 44, 45, 47, 48, (50) (51) (52) (53) (56) (57) (58) (59) . Due to substantial heterogeneity (I 2 = 86%), we applied a random effects model. The random effects model showed no statistically significant Table 4 shows that combinations of professional, organisational and patient oriented strategies were significantly more effective at decreasing patients' alcohol consumption than solely professional oriented implementation strategies (table 4).
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Effects on SBI
Of the twelve studies with outcomes on screening, ten provided sufficient data for pooling (11, 25, 35-37, 39, 42, 46, 49, 54) . Due to high heterogeneity (I 2 =94%), we applied a random effects model ( figure 3 ). Pooling showed that the implementation strategies increased screening delivery (SMD DL model 0.53; 95%-CI 0.28-0.78). Wilson et al (1992) (46) showed the least positive effect and Adams et al (49) the strongest positive effect. Studies with significant effects included both physicians other health professionals (such as nurses) in screening for alcohol consumption more so than studies with little effect.
The meta-regression analysis (table 5) showed that multiple types of implementation strategies (e.g. professional combined with organisational oriented implementation strategies) were more effective in changing screening behaviour compared to a single implementation strategy (e.g. only a professional oriented implementation strategy). Furthermore, we found that combining professional and patient oriented strategies was more effective than only professional oriented strategies. Lastly, involving nurses and other mid-level professionals as well as physicians in implementation strategies, showed statistically significant higher effects than focusing on physicians only.
[INSERT FIGURE 3 ABOUT HERE] [INSERT TABLE 5 ABOUT HERE]
With regard to the 13 studies that reported process outcomes on brief interventions, outcomes of nine studies were pooled (11, 25, 37, 41-43, 46, 49, 50) . These studies showed high heterogeneity (I 2 =97%). Ferrer et al (2009) (50) was the only study in which patients had the opportunity to choose which lifestyle topic to tackle (alcohol, smoking, physical activity or diet). The majority of patients preferred to discuss lifestyle factors other than alcohol. This approach was judged to be substantially different from the other studies. Therefore this study was not included in the analysis and forest plot ( figure 4 ). The forest plot shows that the implementation strategies resulted in increased brief intervention delivery (SMD DL model 0.64; 95%-CI 0.27 -1.02).
The meta-regression analyses showed that multiple inclusion of implementation strategies was more effective than single types (table 6) . Furthermore, the combination of professional and patient oriented implementation strategies, multiple component strategies and study duration of twelve months or more were of added value.
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Discussion
This study aimed to identify implementation strategies that focused on increasing SBI uptake with an impacton patient alcohol consumption and/or either SBI delivery in PHC. The predictor measures comprised: 1) use of a single implementation strategy versus the use of multiple implementation strategies; 2) the type of implementation strategy as categorised by EPOC taxonomy (28), e.g. professional oriented strategies such as audit and feedback, or organisational oriented strategies such as task substitution; 3) whether or not the programme included multiple elements within their implementation strategy; 4) study duration ≤ 12 months versus study duration >12 months; and 5) whether the implementation strategies were focused on physicians or on nurses and other mid-level professionals as well.
From the meta-analysis, it can be concluded that with all implementation strategies pooled, there was a lack of statistically significant impact on patients' self-reported alcohol consumption, although professional SBI behaviour improved. However, those specific studies that combined two of the professional, patient and organisational implementation strategies were significantly more effective in reducing alcohol consumption than solely professional oriented implementation strategies. This shows that it does matter which implementation strategy is selected. Regarding screening, combining professional with patient oriented strategies and involving primary health care staff besides physicians (e.g. nurses as well as physicians), led to increased activity. In terms of brief intervention delivery, implementation strategies had more effect when multiple components of different implementation strategies were applied, for example combining educational outreach visits (professional oriented) with patient self-management education materials (patient oriented).
In line with the wider alcohol-related literature, our study confirms that multicomponent programs seemed to be the most promising implementation strategies (20) . Our study added to this finding by identifying specific predictor variables for successfully changing provider SBI activity or patients' alcohol consumption behaviour, such as effectiveness of combining professional and patient oriented strategies. Similar to Nilsen et al (19) and Williams et al (18) , this present study showed that the implementation strategy effectiveness generally increased with the intensity of the implementation effort, a finding different from general implementation research (60) . We have added to this general finding by identifying elements that made the implementation strategies more effective, such as combining professional, patient and organisational implementation strategies.
Furthermore, the present study demonstrates that, in order to increase screening behaviour, involving nurses and other mid-level professionals is more effective than focusing only on physicians delivering the screening, which is in line with other studies in PHC (21, 22, 61) .
. Whereas reviews (3-7) find significant reductions in alcohol consumption from implemented SBI, this positive effect was not found in our meta-analyses, which focused on strategies to increase SBI uptake and not on SBI effectiveness itself (62) . We found that multiple implementation approaches have a significant impact in increasing SBI delivery, but not on reducing patient alcohol consumption. The marginal benefits of additional services provided through multiple implementation approaches are low. Therefore, new and innovative combinations of multiple implementation approaches are required to increase SBI uptake in primary health care. It is possible that the delivered brief interventions might have been suboptimal in the included studies, resulting in less reduction in patients' alcohol consumption as potentially could be achieved (63) . Low fidelity in delivering lifestyle-changing interventions have been reported in several other studies (61, 64, 65) . However, we were not able to correct for this assumption as included studies did not report on fidelity of the intervention. Finally, another reason for failing to find effects of implementation strategies on alcohol consumption is that studies may have lacked sufficient power to detect significant differences; we found that half of the included studies did not report on or achieve sufficient power.
A strength of our study includes the categorisation of interventions defined by the EPOC taxonomy (28) . There are alternatives to the EPOC taxonomy including the Behaviour Change Wheel, Leeman Taxonomy and behaviour change techniques (66) ; however, they are all based on the EPOC taxonomy (67) .
Another strength of our study is that it is the first systematic review that included a meta-regression analysis regarding implementation strategy outcomes on subsequent patient alcohol consumption. Nevertheless, the meta-analysis should be interpreted with caution as the standardised mean differences cannot give quantitative outcomes that could be easily translated into daily practice. Moreover, the studies included in this review often did not report sufficient details (on cost outcomes, on implementation strategies, on fidelity, on power calculations). We were unable to draw firm conclusions regarding the cost-effectiveness of different strategiesthus, we porpsoe the need for more health economic research. Similarly, implementation strategies were often poorly described in most of the included papers, a common finding in implementation trials (68) , making it hard for reviewers to clearly identify and characterise effective elements of strategies. Finally, several sources of variation may have impacted on patient-level outcomes, such as different populations from different countries, variables that we were not able to include in the meta-regression. All studies with outcomes on patient alcohol consumption were pooled and showed no effect. It is important to bear in mind that this does not imply that implementation strategies cannot change alcohol consumption; rather, it suggests that it is important to purposefully select implementation strategies, as they may differ in effectiveness. For instance, combining patient and professional oriented strategies appears to be more effective compared to a professional oriented single strategy. Due to a lack of studies with common elements within the main categories of EPOC and a high heterogeneity of implementation strategies, we could only draw conclusions based on the main categories of EPOC's taxonomy of interventions (professional, organisational and patient oriented implementation strategies). Pooling of implementation strategy elements would have provided more precise information.
In conclusion, in order to increase SBI delivery and decrease patients' alcohol consumption, this study has shown that implementation should ideally include a combination of patient, professional and organisational oriented implementation strategies and involvement of other staff working with physicians. To explain the lack of effect on alcohol consumption when SBI delivery was increased, the fidelity of SBI delivery to detect effects in patient's alcohol consumption should be investigated. Furthermore, evidence for new and innovative combinations of multiple implementation approaches to increase alcohol focused SBI uptake in PHC, is required. IS: Distribution of the guideline; a reminder-card to display on the GPs desk; educational training session tailored to professionals' attitudes; feedback report on patient alcohol consumption risk level; facilitation of the cooperation with local addiction services for support and referral; outreach visits by a trained facilitator tailored to needs of practice; patient information letters, leaflets and self-help booklets about alcohol offered to general practices to be distributed to patients; poster in the waiting room; personal feedback to the patient based on their alcohol consumption risk category (Distribution of educational materials; educational meetings; reminders; audit and feedback; formal integration of services; educational outreach visits; patient feedback) b Control: Guidelines were mailed to GPs; information letters about problematic alcohol consumption were sent to patients. Patients also received personal feedback on alcohol consumption after closure of the intervention period. 
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